Two groups of strains isolated from biofilters for the treatment of waste gases were assigned to the genus Paracoccus by phylogenetic and chemotaxonomic methods. All type strains of the genus Paracoccus were compared with these groups using 165 rDNA sequence analysis, fatty acid patterns and physiological reaction profiles. For both groups, the nearest related reference species was Paracoccus solventivorans based on 165 rDNA sequence similarity. However, whereas one group of isolates was identified as a member of this species by fatty acid analysis and DNA-DNA hybridization, the other group was proposed as a new species, Paracoccus alkenifer sp. nov. Fatty acid analysis showed the unusual fatty acid 2O:lcis13 instead of 19:0 cycloll-12 for P. alkenifer and P. solvenfivorans, and 14 : 1 cis7 instead of 12 : 1 cis5 for P. alkenifer and Paracoccus kocurii. By means of a GC-MS method, diaminopimelic acid was detected for P. solventivorans. Based on these results we propose an emended description for the species P. solventivorans.
INTRODUCTION
Recently the genus Paracoccus has become the focus of many studies because of the versatile degrading capacities of some strains of this genus. Paracoccus strains can oxidize reduced sulfur compounds such as thiosulfate, thiocyanate, carbon disulfide, carbonyl sulfide and elemental sulfur to gain energy for autotrophic growth (10, 1 1) . Also, facultative chemolithotrophic growth with hydrogen has been described for several strains of Paracoccus denitrijcans (19) . Most Paracoccus species can reduce nitrate to N, under anaerobic conditions. For one strain, aerobic denitrification has also been shown (26) . Paracoccus strains can grow methylotrophically with simple methyl compounds such as methanol or methylamine, or more complex substances such as N,N-dimethylformamide (32) or tetramethylammonium (2 1). Solvents such as acetone can also be utilized (29) . The important role of Paracoccus strains in wastewater treatment was high-
The EMBL accession numbers for the sequences reported in this paper are Y13826 (for A686/1) and Y13827 (for A901/1).
lighted by Neef et al. (18) . They found Paracoccus strains to be significant in denitrifying sand filters. Most Paracoccus strains have been isolated from wastewater treatment plants ( 1 1, 18, 21, 25) or bioremediation sites of contaminated soils (29) due to their degradative capabilities.
Recently, we reported the characterization of Paracoccus-like strains isolated from biofilters used for the treatment of waste gas from an animal rendering plant. The isolates were originally named type F isolates (2, 14). A more intensive approach then started to identify these isolates to species level. To do this, an important prerequisite was to obtain standardized data concerning fatty acid profiles and physiological reaction profiles for all type strains of the genus Paracoccus, because the available data for some type strains were incomplete or obtained by different methods. The separation of the new species ' Paracoccuspantotropha ' from P. denitrzficans based on comparison of the ctype cytochrome was suggested recently (7). With respect to this suggestion, we included P. denitrijicans strain DSM 2944 (formerly Thiosphaera pantotropha DSM 2944T) in this investigation. 
METHODS
Isolates and reference strains. Strains A686/ 1, A778/1, A788/1, A844/1, A884/1, A895/1, A901/1, A90611, A1014/1 and A1058/ 1 were isolated from experimental biofilters for treatment of waste gas from an animal rendering plant. Characteristic compounds of the waste gas were methanethiol, dimethyl disulfide, 3-methylbutanal, acetone, 2-methylfuran and ammonia (1) (27) . Identification of FAMEs was performed by GC-MS as described previously (1 5). Cell wall amino acid analyses. Reference strains and isolates were cultivated in NB medium adjusted to pH 8.0. Cells were washed and lyophilized. Cell wall amino acids were purified and transformed to their heptafluorobutyryl isobutyl esters as described by O'Donnell et al. (20) . The amino acid esters were separated and identified by GC-MS with a HewlettPackard model 5890 series I1 gas chromatograph equipped with a 5 % phenylmethyl silicone capillary column (025 mm by 30 rn) and a model 5972 mass selective detector. Helium was used as the carrier gas, the injection volume was 1 p1, the injector temperature was 250 "C, the column temperature was increased from 100 to 250 "C at a rate of 4 "C min-' and A. Lipski and others the GC-MS transfer line temperature was 280 "C. Amino acid derivatives were identified by comparing their retention times and mass spectra with amino acid standards prepared by the same method. 165 rDNA analyses. Extraction of genomic DNA and amplification of 16s rDNA were carried out as described by Rainey et al. (24) . PCR products were sequenced directly using the Taq 
RESULTS
In previous investigations the fatty acid profiles of the type F isolates were characterized as Paracoccus-like. However, some fatty acids could not be identified by the system used (2). Therefore, in this investigation we used an MS-based system to identify the previously unknown compounds. Fatty acid profile analyses confirmed the assignment of the type F isolates to the genus Paracoccus. All strains showed 18 : lcisl 1 as the major compound and the characteristic 10 : O(3-OH). In addition, three detected but previously unidentified fatty acids have now been identified as 12: lcis5, 14: lcis7 and 20: lcisl3 based on MS analyses of their dimethyl disulfide adducts. Based on these data, the isolates can be divided into two subgroups. Group I isolates contained 12: lcis5, which was found to be the typical short-chain unsaturated fatty acid for the genus Paracoccus (Table 1) . Group I1 isolates were well separated from group I by the substitution of 12 : 1 cis5 by 14: lcis7. This substitution was also observed for P. kocurii JCM 7684T. A characteristic marker for the P. kocurii JCM 7684T could not be cultivated on TS agar and was therefore grown on BY agar for fatty acid analysis. Reference strains, as well as the isolates A686/ 1 and A90 1 / 1 as representatives of groups I and 11, respectively, showed no remarkable differences in their fatty acid profiles when grown on BY agar instead of TS agar ( Table 1) . The physiological reaction profiles of the group I and I1 isolates were characterized by failure to grow on the carbohydrates tested ( Table 2) . This property was also found for P. solventivorans DSM 6635T, according to the data of Siller et al. (29) . In contrast, the isolates grow well on organic acids and on short-chain alcohols methanol and ethanol. Utilization of the solvent acetone was found for several reference strains of the genus Paracoccus. The group I and I1 isolates, as well as P. solventivorans DSM 6635T, P. denitriJicans DSM 65T and DSM 2944, and P. versutus DSM 582T showed growth on acetone. As for most of the investigated reference strains, the isolates were able to reduce nitrate to N, by denitrification. The utilization of methylamine was the only differentiating physiological property of the group I and I1 isolates. Apart from methylamine, no other amines were utilized by these isolates. Using numerical analysis, groups I and I1 could not be differentiated and formed a cluster together with P. solventivorans DSM 6635T (Fig. I strains. The P. denitrijicans strains showed identical reaction profiles and were closely related to P. versutus DSM 582T (Table 2 , Fig. 1 ). Phylogenetic analysis demonstrated the assignment of the representatives of group I (isolate A686/1) and I1 (isolate A901/1) to the genus Paracoccus (Fig. 2) . Within the genus, the most closely related species was P. solventivorans. Isolate A6861 1 showed a phylogenetic distance of 0.0066 to the reference sequence of P. solventivorans DSM 6635*, whereas isolate A901/ 1 showed a distance of 0-0193 to this reference sequence ( Table 3) . The phylogenetic distance between the 16s rDNA sequences of the isolates A686/1 and A901/1 was 0.0 155. In comparison, the phylogenetic distance between reference sequences of the closely related species P. denitrijicans and P. versutus was 0-0066. The relationship of the group I isolates to P. solventivorans was tested by DNA-DNA hybridization. These tests gave a similarity of 79 YO between P. solventivorans DSM 6635T and isolate A686/1, 59 % between P.
solventivorans DSM 6635T and isolate A901/1 and 60 YO between isolate A686/ 1 and isolate A90 1 / 1.
The cell wall of P. solventivorans has been reported to contain no meso-diaminopimelic acid (29). Therefore, we tested the presence of this substance by an MSbased method suitable for the detection of cell wall amino acids in Gram-negative bacteria. Diaminopimelic acid was detected in all strains tested (Table 4) . The remaining background of non-peptidoglycan amino acids was demonstrated by the presence of leucine and isoleucine. However, the purity of the preparations was sufficient for positive detection of diaminopimelic acid. The ratio of alanine, glutamate and diaminopimelic acid approximated to the typical ratio for Gram-negative bacteria of 1.5-2-0: 1 : 1 (28).
DISCUSSION
Ten bacterial isolates, previously named type F, from biofilters were divided into two groups by phenotypic and phylogenetic methods. The phylogenetic analysis showed that both groups are members of the genus Paracoccus which forms the a-3 subclass of the Proteobacteria together with the genera Roseobacter, Rhodobacter and Rhodovulum. Based on the bootstrap analysis, the genera of the a-3 subclass are well differentiated from each other. Within the genus Paracoccus, the most closely related species to the type F isolates is P . solventivorans. The phylogenetic distances between P. solventivorans DSM 6635T and isolates A686/ 1 and A901 / 1 suggested the formation of a new species for isolate A90 1 / 1. This was supported by DNA-DNA hybridization tests, which separated strain A901 / 1 clearly from P. solventivorans DSM 6635T with a similarity of only 59%. The generally accepted limit for species definition is 70% DNA relatedness (33). Based on this definition, isolate A686/1 was identified as a member of the species P. solventivorans with a DNA-DNA similarity of 79 % to the type strain of this species, whereas strain A901/ 1 represents a new species.
These results were in accordance with the fatty acid profiles which showed a high similarity between the group I isolates and the reference strain P. solventivorans DSM 6635T ( Table 1) . The isolates of group I1 had a characteristic fatty acid profile, which differentiated these strains from all other reference strains of the genus Paracoccus. The characteristic fatty acid of the genus Paracoccus is 10:0(3-OH). Most of the strains showed a combination of 10 : O(3-OH) and 14:0(3-OH), with 10:0(3-OH) as the major compound in accordance with literature data (1 1, 13, 21, 3 1, 32) . Numerical analysis of the physiological reaction profiles reflected most of the phylogenetic relationships (Figs 1 and 2) . The high similarity of the physiological reaction profiles between the type F isolates and P. solventivorans DSM 6635T corresponded well with the phylogenetic relationship between these strains. This correspondence was also found for P . denitriJicans DSM 65T, P . denitrijcans DSM 2944 and P. versutus DSM 582T. P . denitrijicans DSM 65T and P . denitr8cans DSM 2944 (formerly Thiosphaera pantotropha DSM 29MT) showed no significant differences in their fatty acid pattern ( Table 1 ) and had identical physiological reaction profiles (Table 2 ). These phenotypic similarities between the two strains were in accordance with the data of Ludwig et al. (16) who placed these two strains in one species based on 16s rDNA sequence and DNA-DNA hybridization data. However, a recent comparison of c-type cytochromes showed differences between strain DSM 65T and the original type isolate (7). Based on these data, Goodhew et al. The chemotaxonomic and physiological characterization of strains of the species P . solventivorans supplements, and in the case of the cell wall composition corrects the description of Siller et al. (29) . Therefore, we give an emended description of this species based on the description given by Siller et al. (29) .
Paracoccus alkenifer sp. nov. The species is a member of the a-3 subclass of the Proteobacteria. Isolated from biofilters used in treatment of waste gas from an animal rendering plant. Type strain is A901/ lT (= DSM 1 1593T).
